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Abstract 
Cement solidified sludge always exists serious phenomenon of shrinkage and cracking, which will adversely affected 
the project's strength and permeability and stability. The material used in this study is sludge with high water content 
from the construction sites in Wuchang town of Hangzhou city. In this paper, our main research is the influences of 
the initial water content of sludge(3 groups), cement content(8 groups), lime content(8 groups) and curing time (8 
groups)on the curing shrinkage and strength of solidified sludge. The results show that the shrinkage increases with 
initial moisture, decreases with the increase of the cement or lime content, and increases with curing period. 
Increasing additives reduced the sensitivity of volume change to the moisture content changes, and adding sand 
reduced its shrinking to a certain extent. The Strength decreases with the increase of initial water content, increases 
with cement or lime content, and increases with curing period. The test has a certain reference value to the 
engineering practice. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of [name organizer] 
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1. Introduction 
With the rapid development of China's economy, port engineering, channel engineering and other 
construction projects, it will generate a lot of high water content sludge dredging in a variety of waterways, 
aqueduct, rivers, lakes and reservoirs, and building ports new or expanding. Large number of studies 
carried out home and abroad on the effective utilization of sludge dredged. Mixed chemical curing 
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treatment is most widely used, which mixes cement, lime, and with some other added substances such as 
industrial waste and other [1-2]. 
The solidified sludge’s early strength and shrinkage characteristics play an important role on its 
resource utilization[3]. 20 century 70s and 80s, domestic and international scholar took a large study on 
early strength of deep cement mixing pile. In recent years, government and the society pay more attention 
to the environment and the resource utilization of waste, so solidification and stabilization gets a fast 
development. Sludge’ reasonable handling and utilization is a worldwide problem for its poor mechanical 
property with high water content, high compressibility, low strength, low permeability. 
Wang Huifen(2010) conducted a pilot study about the early strength of clay with low water content. 
Meng Qingshan(2010) and Sun Shiling(2008) did some research on early strength of solidified sludge in 
Wuhan. Wang Zhe(2011) studied on the shrinkage properties and strength of dredged sludge and its 
influence factors such as initial water content , cement content, lime content and curing time, and gets 
some useful conclusions.  
In this paper, the effects of three variable parameters on shrinkage property and strength are studied of 
the initial water content (modulation 3 group), curing period (8 groups), cement content (8 groups) and 
lime content(8 groups) based on shrinkage experiments and strength experiments, the main content is 
early curing time influnce. The results show that show that the shrinkage increases with initial moisture, 
decreases with the increase of the cement or lime content, and increases with curing period. Increasing 
additives reduced the sensitivity of volume change to the moisture content changes, and adding sand 
reduced its shrinking to a certain extent. The Strength decreases with the increase of initial water content, 
increases with cement or lime content, and increases with curing period. The test has a certain reference 
value to the engineering practice. 
2. Test
2.1. Test materials 
Table 1 shows the physical properties of the sludge used in the experiment taken from some riverway 
in Hangzhou. Liquid limit and plastic limit are gotten by liquid-plastic combine tester according to 
Boundary water content test method SL237-007-1999. Grain size test uses laser particle size analyzer. 
Cement used in this experiment is Hangzhou Qian Chao 32.5# ordinary portland cement. 
Table 1. Physical indices of clay 
Water content Liquid limit Plastic limit Specific gravity Unit weight(kN/m3)
41% 57.5% 37% 2.65 13.8 
2.2. Test methods 
In this paper, we use cement and lime and sand to process sludge of high water content, the 
cement/lime content controlled by the ratios of cement/lime quality to dry soil quality. In the text, c  is the 
cement/lime content, ω  is the initial water content of sludge, curing period is indicated by t . To study 
the impact analysis of different initial moisture content, we set water content for the variable, ω = 60%, 
75%, 100%. In order to study the impact of different curing period, we set curing period for the variable,  
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t = 0d, 0.5d, 1d, 1.5d, 2d, 2.5d, 3d, 5d, 7d. In order to study the influence of different dosage of cement, 
we set cement addition level for the variable, c  = 5%, 10%, 15%, 20%. As the strength is too low in 0d to 
form removal, data of the of 0d test are eliminated. After mechanical agitation and mixing well, samples 
are put in curing room on the constant temperature and humidity to the required age, curing temperature 
being 20±1℃. Unconfined compressive strength UCS test is done according to the national standard 
"soil test method standard" GB/T50123-1999, parallel trial of three samples of each ratio. 
As the solidified sludge with high moisture content, it results in large volume changes in the shrinkage 
process, and the changes in the volume easily lead to inhomogeneous deformation, resulting in irregular 
samples. Therefore, we use wax seal method to measure the sample size. Sample size is calculated by the 
following formula. 
/ /nw w n nV m mρ ρ= −                                                                                                               (1) 
Where nwm  is the quality of displaced water by Paraffin, g, wρ  is the density of water, g/cm3,   is the 
quality of paraffin in sample surface, g, nm  is the density of solid paraffin, g/cm
3.
The volume shrinkage ratio VE  is used as an index to evaluate shrinkage of solidified sludge. The 
volume shrinkage ratio VE  of solidified sludge is 
0 0( ) / 100%V iE V V V= − ×                                                                                                 (2)
Where VE  is the volume shrinkage ratio, %, 0V  is initial volume, cm
3, iV  is the volume of an 
experiment, cm3.
Where VE  is the volume shrinkage ratio, %, 0V  is initial volume, cm
3, iV  is the volume of an 
experiment, cm3.
3. Test results and analysis 
The influences of initial water content and cement content on shrinkage properties and UCS were 
studied and obtained the same conclusion with the former research, details see reference[4]. This section 
focuses on the analysis of influnces of early curing time to shrinkage properties and UCS. 
3.1. The influences of cement solidified curing period to shrinkage properties and UCS 
In the solidified sludge, the shrinkage is impacted by the cement content, and the hydration reaction of 
cement has a reaction process, which makes the properties different in different stages of hydration. 
Therefore, its shrinkage properties are related to the length of the curing period. To clear the influence 
law of curing age on shrinkage of solidified sludge, the initial water content was set ω  = 60%, 75%, 
100%, shrinkage tests were done under eight different curing age. The results of tests showed the same 
trend, this article takes c =10%，and add sand 10% for instance.  
It can be seen from Figure 1, the final solidification shrinkage rate of stabilized sludge increases while 
curing period and initial water content increases. The early shrinkage rate changes linearly and greatly 
that it can up to 25% when  t =7d and ω =75%、100%. So, it’s the most important thing to control the 
early shrinkage effectively. 
It can be seen from Figure 2, strength enhanced with the growth of curing period and decreased with 
the increasing of initial water content. Curves trend of different initial moisture content is the same, here 
the example given is c  =10% with sand 10%. Strength grows quickly after 3 days contradiction with 
early 3 days strength need in site, so some other additives need to be researched other than one kind of 
cement. 
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3.2. The influences of lime solidified curing period to Shrinkage properties and UCS 
To clear the influence law of curing age on shrinkage of solidified sludge, the initial water content was 
set ω = 60%, 75%, 100%. Shrinkage tests were done under 8 different curing age. The results of tests 
showed the same trend, this article takes c =10%，and add sand 10% for instance. 
It can be seen from Figure 3, the final solidification shrinkage rate of stabilized sludge increases while 
curing period and initial water content increases. The early shrinkage rate changes linearly and greatly 
that it can up to 25% when  t =7d and ω =75%、100%. So, it’s the most important thing to control the 
early shrinkage effectively especially when water content is higher. 
It can be seen from Figure 4 and Figure 5, strength enhanced with the growth of curing period and 
decreased with the increasing of initial water content. Strength will grow with sand gently, and increasing 
of initial water content will strong influnce strength. 
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Fig. 1. Relationship between curing period and volume shrinkage 
rate when cement content  c =10% with sand 10%
Fig. 2. Relationship between age and strength when cement content 
c =10% with sand 10%
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Fig. 3. Relationship between curing period and volume shrinkage 
rate when lime content  c =10% with sand 10% 
Fig. 4. Relationship between age and strength when lime content 
c =10% with sand 10%
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Fig. 5. Relationship between age and strength when lime content c =10%
4. Conclusions  
This paper studies the early curing time shrinkage and UCS of the stabilized sludge through volume 
shrinkage test and unconfined compressive strength test. Conclusions were drawn that the shrinkage 
increases with initial moisture content and curing period, decreases with the increase of the cement 
content, and strength decreases with the increase of initial water content, increases with cement content 
and curing period. The early shrinkage rate changes linearly and greatly that it can up to 25% when  t =7d
and ω =75%、100%.So, it’s the most important thing to control the early shrinkage effectively. 
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